Los Alamos National Laboratory has calculated a new generation of radiative opacities (OPLIB data using the ATOMIC code) for elements with atomic number Z=1-30 with improved physics input, updated atomic data, and finer temperature grid to replace the Los Alamos LED-COP opacities released in the year 2000. We calculate the evolution of standard solar models including these new opacities, and compare with models evolved using the Lawrence Livermore National Laboratory OPAL opacities (Iglesias & Rogers 1996) . We use the solar abundance mixture of Asplund et al. 2009 . The Los Alamos ATOMIC opacities (Colgan et al. 2013a (Colgan et al. , 2013b have steeper opacity derivatives than those of OPAL for temperatures and densities of the solar interior radiative zone. We compare the calculated nonadiabatic solar oscillation frequencies and solar interior sound speed to observed frequencies and helioseismic inferences. The calculated sound-speed profiles are similar for models evolved using either the updated Iben evolution code (see Guzik & Mussack 2010) , or the MESA evolution code (Paxton et al. 2015) . The LANL ATOMIC opacities partially mitigate the 'solar abundance problem'.
New Los Alamos ATOMIC Opacities
Los Alamos opacity library (OPLIB) tables have been generated using a new code called ATOMIC for the first 30 elements of the periodic table and are now available online †. This new OPLIB release includes improvements such as a more accurate equationof-state treatment, refined temperature grid, and significant fine-structure detail in the atomic physics calculations (for details, see Colgan et al. 2013a , Colgan et al. 2013b . The opacities used here were generated by mixing the pure-element OPLIB tables under the assumption of electron-temperature and electron-degeneracy equilibrium.
Solar Evolution and Oscillation Results
We evolved solar models using both the Lawrence Livermore National Laboratory OPAL opacities (Iglesias & Rogers 1996) and the new Los Alamos ATOMIC opacities, for the AGSS09 (Asplund et al. 2009 ) solar abundance mixture. We adjusted the initial † http://aphysics2.lanl.gov/opacity/lanl a Helioseismically inferred convection-zone Y is 0.248 ± 0.003 (Basu & Antia 2004) b Helioseismically inferred convection-zone radius is 0.713 ± 0.001 R⊙ (Basu & Antia 2004) helium mass fraction (Y), initial mass fraction of elements heavier than hydrogen and helium (Z), and mixing-length to pressure-scale-height ratio (α) to calibrate the model to the observed solar luminosity and radius at the current solar age, as well as to the observed Z/X ratio of the AGSS09 abundances (see Guzik & Mussack 2010 for details of the modeling procedure). Table 1 lists the calibration parameters, final photospheric Y, Z abundances, and envelope convection-zone base radii. Figure 1 shows the helioseismically inferred (Basu et al. 2000) minus calculated soundspeed difference vs. solar radius for two models evolved using the updated Iben evolution code and AGSS09 abundance mixture. The sound-speed agreement is slightly better for the model using the new LANL ATOMIC opacities compared to that using the LLNL OPAL opacities. We found similar results for models evolved with the MESA code (Paxton et al. 2015) using the same opacity tables and abundance mixture. Figure  2 shows the observed minus calculated vs. calculated low-degree nonadiabatic solar os- Figure 1 . Helioseismically inferred minus calculated sound speed differences vs. radius for solar models using the ATOMIC and OPAL opacities with the AGSS09 abundance mixture.
Solar models with Los Alamos ATOMIC opacities 3 cillation frequencies for the two models, also showing slightly improved agreement using the ATOMIC opacities compared to the OPAL opacities.
For the same temperature, density, and abundance mixture, the ATOMIC opacities are actually lower in the radiative interior than the OPAL opacities, although they are higher than the OPAL opacities for conditions in the solar convective envelope that do not affect the solar structure since convection is transporting nearly all of the solar luminosity. It turns out that the difference in opacity derivatives between OPAL and ATOMIC for solar interior conditions is responsible for the difference in solar structure. Figure 3 shows that the opacity derivative with respect to temperature for the ATOMIC opacities is steeper at log T = 6.3 (CZ base) than that of the OPAL opacities, resulting in a slightly deeper convection zone and change in the sound-speed gradient at the convection-zone base. In addition, the opacity derivative is steeper at log T= 6.8 (solar radius ∼0.2-0.3 R ⊙ ), also changing the sound-speed gradient at this location.
Conclusion and Future Work
The solar models presented here evolved with the updated Iben code use the Ferguson et al. (2015) low-temperature opacities; we would like to use low-temperature opacities created for the AGSS09 mixture. We would like to investigate the effects of ATOMIC opacities on other types of pulsating stars, as has been done recently for B stars (Walczak et al. 2015) . We would like to test implications of opacity changes based on ongoing experiments using laser and pulsed-power facilities (see, e.g., Bailey et al. 2015) . Figure 3 . Logarithmic temperature derivative of opacity for ATOMIC and OPAL opacities for solar radiative interior temperatures. The larger opacity gradients at the convection zone base (log T = 6.3) and at ∼0.2-0.3 R⊙ in the solar interior are responsible for the differences in sound speed gradient for calibrated solar models seen in Fig. 1 .
